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ABSTRACT 
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This memorandum explains the effect of the Lunar 
IZoving Vehicle (LRV) 'parking attitude on thermal performance 
of the Lunar Communication Relay Unit (LCRU) and LRV batteries 
and, hence, the imposition of parking orientation constraints 
on the LRV. Because of conflicting thermal constraints with 
respect to the LCRU and the LRV batteries, the best compromise 
is to park the LRV at 90°  to the solar vector. Any deviation 
towards the sun from this nominal heading will reduce the 
LCRU cooling rate while increasing the LRV battery cooling 
rate, and vice versa. 

While some slight deviation from the nominal heading 
is tolerable, the exact magnitude of acceptable deviation is 
contingent on real-time thermal data. Thus, a decision on 
whether the parking heading has to be readjusted after the 
first try will, most likely, be made in real time. 
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MEMORANDUM FOR FILE 

I.  In t roduc t ion  

T h i s  memorandum i s  an at tempt  t o  c l a r i f y  t h e  LRV 
parking o r i e n t a t i o n  c o n s t r a i n t s  during the cooldown per iods  
between EVA'S. I t  i s  d e s i r e d  t h a t  the parking a t t i t u d e  should 
be selected such tha t ' bo th  the LRV b a t t e r i e s  and the LCRU com- 
ponents can cool down t o  an acceptable  l e v e l  i n  p repa ra t ion  
for  the subsequent EVA. 

One of the important parameters,  i n f luenc ing  t h e  
cooldown r a t e s  of both the LCRU and the LRV batteries,  i s  
the s o l a r  energy r e f l e c t e d  from e i ther  side of t h e  open LRV 
b a t t e r y  cover and i n c i d e n t  on e i t h e r  of t h e  two components. 
Maximum cooldown of t h e  LCRU occurs when the LRV i s  parked 
a t  a 180' angle  from t h e  s o l a r  vec to r  because i n  t h a t  case  
the LCRU r a d i a t o r  would be completely shaded by the open LRV 
b a t t e r y  cover. Maximum cooldown of t h e  LRV b a t t e r y  occurs 
when the LRV i s  parked f ac ing  the  sun d i r e c t l y  because i n  t h a t  
case  the LRV r a d i a t o r  would be completely shaded by i t s  open 
cover.  Since the  thermal requirements of the two components 
a r e  a t  var iance ,  the nominal LRV parking a t t i t u d e  is  se t  a t  
90" t o  the  s o l a r  vec to r .  T h i s  a t t i t u d e  avoids t h e  incidence 
of reflected s o l a r  energy on either r a d i a t o r .  

11. E f f e c t s  of Deviation from the Nominal Heading i n  t h e  
Di rec t ion  of the So la r  Vector ( O < 9 0 ° )  

( a )  T h e  cool ing r a t e  of the LCRU w i l l  be reduced by 
t h e  imposi t ion of an a d d i t i o n a l  h e a t  source, 
namely t h e  s o l a r  energy r e f l e c t e d  from t h e  open 
LRV b a t t e r y  cover and i n c i d e n t  on t h e  LCRU r a d i a t o r .  
The a t tached  Figure 1, from Reference 1, i l l u s t r a t e s  
t h e  LCRU cooldown performance a s  a func t ion  of t h e  
d e v i a t i o n  from the nominal LRV heading, based on 
the assumptions l i s t e d  on the  f igu re .  
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For example, parking t h e  LRV a t  10' off-nominal 
towards t h e  sun ( 0  = 80') f o r  1 4  hours ,  would 
r e s u l t  i n  LCRU cooldown t o  76'F i n s t e a d  of 61°F, 
from an i n i t i a l  temperature of llO'F (120'F i s  
t h e  red  l i n e  va lue) .  

(b)  The cool ing r a t e  of t h e  LRV b a t t e r y  will i nc rease  
due t o  a reduct ion i n  t h e  d i rec t  solar  hea t  i n p u t  
impinging on its r a d i a t o r ,  r e s u l t i n g  from p a r t i a l  
shading by the open cover. The covers c l o s e  a t  45'F. 

111. E f f e c t s  of Deviation from t h e  Nominal P a r k i n g  Heading 
Away from t h e  So la r  Vector (O>90° )  

(a)  The  cool ing rate of the  LCRU w i l l  i nc rease  due t o  
p a r t i a l  shading, as shown i n  Figure 1. For example, 
parking the LRV a t  10' off-nominal away from t h e  sun 
would r e s u l t  i n  LCRU cooldown t o  47'F i n s t e a d  of 
61'F. I f  i t  appears i n  r ea l  t i m e  t ha t  the LCRU 
cooldown w i l l  be excessive,  a dec is ion  w i l l  be made 
t o  cover p a r t  of the LCRU r a d i a t o r  w i t h  i t s  insu la -  
t i o n  b lanket ,  p r i o r  t o  the r e t u r n  of the a s t ronau t s  
t o  t h e  LM f o r  . their  rest per iod.  

(b) T h e  cool ing  ra te  of the  LRV b a t t e r y  w i l l  decrease due 
t o  t h e  imposit ion of an a d d i t i o n a l  heat  source on i t s  
r a d i a t o r ,  namely the s o l a r  energy reflected f r o m  the  
open cover onto the  r a d i a t o r .  There i s  more f l e x i b i l i t y  
i n  t h i s  devia t ion  than i n  I1 (a)  above, thus  pe rmi t t i ng  
a 20' devia t ion  from t h e  nominal heading away from t h e  
s o l a r  vec to r  w h i l e  only 10' devia t ion  i s  permit ted f r o m  
the nominal towards the s o l a r  vector .  T h i s  i s  i l l u s -  
t ra ted i n  Figure 2 .  

IV. Conclusion 

It can be concluded t h a t  a devia t ion  of a f e w  degrees 
f r o m  t h e  nominal parking a t t i t u d e  is  t o l e r a b l e  from t h e  thermal 
s tandpoin t .  The exac t  magnitude of the acceptable  dev ia t ion  is  
cont ingent  on the temperature a t t a i n e d  by the LCRU and/or the 
LRV bat ter ies  a t  t h e  conclusion of each EVA, t h e  d u s t  condi t ions  
and the sun e l e v a t i o n  angle.  I t  is  understood t h a t  a dec i s ion  
w i l l  be made i n  rea l  t i m e  a s  t o  whether t o  i n s t r u c t  t h e  a s t ronau t s  
t o  r e a d j u s t  t h e  parking heading a f te r  their f i r s t  t r y .  

20 13-ASH- j ab A. S. Haron 

Attachments 
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